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Phenotypic changes that are inherited in the absence of alterations to primary DNA sequence are termed epige-
netic. Epigenetic changes include DNA methylation and modification of amino acids in the tails of histone pro-
teins, which package DNA into chromatin. As part of this special issue, Molecular Biology Select features recent
studies related to epigenetics.We discuss how different kinds of histonemethylation influence development and
chromatin organization. We also highlight studies analyzing the interplay between certain histone methylation
marks and DNA methylation in gene silencing, given the importance of these two modifications in development
and disease.
Marking your Chromatin Territory Early
Does epigenetics play a role in specifying cell fate? Torres-Padilla et al. (2007)
examine this question in the mouse embryo and reveal that epigenetics may de-
termine cell fate very early in development. The first cell lineages are established
during the blastocyst stage upon formation of the inner cell mass (which will be-
come the embryo) and the trophectoderm (which will give rise to extraembryonic
tissues such as the placenta). Torres-Padilla et al. monitored the presence of a
specific histone methylation mark that signifies active genes—methylation of
arginine 26 on histone H3 (H3R26Me)—in blastomeres during early mouse devel-
opment. These investigators observed that blastomeres that have high levels of
this histone mark contribute more cells to the inner cell mass and associated tro-
phectoderm than those with lower levels of this mark. Interestingly, the enrich-
ment of the histone mark was dependent on the blastomeres undergoing very
specific orientations of division: the first division of the 2-cell stage blastomere
was meridional and the second equatorial with respect to the animal-vegetal
axis. This orientation of division happens in approximately 40% of embryos.
Given that the cells in the inner cell mass are pluripotent, how they are specified
is of great interest. Blastomeres that were experimentally manipulated to overex-
press the methyltransferase that methylates H3R26 contributed nearly exclu-
sively to the inner cell mass and not to the trophectoderm. Furthermore, these
cells expressed genes important for pluripotency, such as Nanog and Sox2.
These findings support the notion that epigenetic marks that are established
early during development can affect cell fate and show that cells of the early
mouse embryo are not identical.
M-E. Torres-Padilla et al. (2007). Nature 445, 214–218.
Heterochromatin Keeps the Genome from Falling to Pieces
Repeats in ribosomal DNA (rDNA) localize to and direct the formation of nucleoli in the
nucleus. Given that rDNA is associated with silenced heterochromatin, Peng and Karpen
(2007) set out to understand if heterochromatin and its associated proteins regulate
organization of nucleoli and of rDNA repeats in Drosophila. They found that the Su(var)3-9
histone methyltransferase, the heterochromatin-associated protein HP1, and the RNA
interference pathway are required for normal organization of the nucleolus and of DNA
repeats. In the fly salivary glands, mutations in genes encoding the Su(var)3-9 histone
methyltransferase or HP1 had 1 to 12 nucleoli compared to 1 nucleolus in wild-type flies.
In these mutants, the rDNA was dispersed with each ectopic nucleolus associated with
rDNA foci. The organization of other DNA repeats (such as satellite DNA)was also disrupted
by Su(var) mutations. Also, both rDNA and satellite DNA, normally enriched for histone H3
methylated at lysine 9 (H3K9Me), contained less of this histonemark. Curiously, the amount
of extrachromosomal circular DNA (which represents excision of DNA from the genome)
derived from rDNA and satellite DNA increased drastically in the absence of Su(var)3-9.
Moreover,mutation in components of theRNAi pathway, such asdicer-2, resulted in similar
defects in the number of nucleoli, H3K9 methylation, and extrachromosomal circular DNA.
Interestingly, mutations in Ligase 4, which encodes a component of the nonhomologous
end-joining DNA repair pathway, partially suppressed the effects of Su(var)3-9 mutations
on nucleolus formation. The authors propose that H3K9 methylation creates a chromatin
structure that prevents access to recombination proteins like Ligase 4, thereby protecting
DNA repeats from being excised from the genome. Thus chromatin structure can affect
nuclear organization and genome stability.
J. C. Peng and G.H. Karpen (2007). Nat. Cell Biol. 9, 25–35. Published online December 10,
2006. 10.1038/ncb1514.
3D image of a mouse blastocyst. Cells
artificially enriched for H3R26Me (red)
mainly contribute to the inner cell mass
and are surrounded by wild-type cells
(white). Image courtesy of D.-E. Parfitt
and M. Zernicka-Goetz.
Altered organization of nucle-
oli (green) and ribosomal DNA
(pink) in a Drosophila imaginal
disc from animals lacking
the Su(var)3-9 H3K9 methyl-
transferase. Image courtesy
of G. Karpen.Cell 128, February 23, 2007 ª2007 Elsevier Inc. 631
Connecting theDotsbetweenHistoneMethylationandDNAMethylation
A link between histone methylation and DNAmethylation is well established, with loss of one of these modifications affect-
ing the other and vice versa. Yet how these two modifications are coordinated is unclear. Johnson et al. (2007) address this
problem in the model plant Arabidopsis thaliana using a biochemical approach. Loss of DNA methylation results in the loss
of a repressive histone mark—dimethylated histone H3 at lysine 9 (H3K9me2)—deposited by the KRYPTONITE (KYP) his-
tone methyltransferase. Besides the histone methyltransferase (SET) domain, the authors noticed the presence of an SRA/
YDG domain in KYP. After determining that this domain is critical for KYP function, Johnson et al. showed that the SRA
domain binds to methylated oligonucleotides in vitro with a preference for oligonucleotides methylated at CNG and
CNN sites (with N being any nucleotide). Another SRA domain from the SUVH6 histonemethyltransferase also boundmeth-
ylated oligonucleotides with the same substrate preference. Interestingly, proteins that possess both SRA and RING do-
mains—such proteins are encoded in both plant andmammalian genomes—boundmethylated oligonucleotides with a dif-
ferent substrate preference (CG sequences). Thus, different kinds of DNA methylation can directly recruit different SRA
domain-containing proteins—including histone methyltransferases—that then modify the surrounding chromatin to cause
gene silencing. This study also provides a preliminary characterization of the SRA domain, which appears to be amultifunc-
tional methyl-cytosine binding domain.
Given that loss of histone methylation reduces DNA methylation in Arabidop-
sis, Ding et al. (2007) set out to determine if the same is true in rice (Oryza sativa). A
major function of histone methylation is in gene silencing at various loci including
transposons, which is important in rice given that >40% of the genome is com-
posed of transposable elements. In fact, transcription of certain transposons is
reactivated in H3K9 methyltransferase mutants in Arabidopsis. Additionally, in
rice, the retrotransposon Tos17—which is heavily methylated and silenced under
normal growth conditions— shows an increase in transcription upon loss of DNA
methylation. Ding et al. analyze the homolog of the KYP H3K9 histone methyl-
transferase in rice, SDG714. SDG714 also contains an SRA/YDG domain and
a SET domain. The authors show that SDG714 specifically methylates histone
H3K9 in vitro. Knockdown of SDG714 using RNA interference decreased both
histone methylation and DNA methylation at Tos17—which is also a marker for
heterochromatin—and in turn increased the expression and transposition of
this retrotransposon. Thus, SDG714 could be recruited to methylated DNA via
its SRA domain where it could then methylate H3K9 and promote silencing. Interestingly, loss of SDG714 had phenotypic
consequences: themacro hairs on certain parts of the rice plant including the leaves were lost. It will be interesting to further
characterize the epigenetic basis of this defect.
L.M. Johnson et al. (2007). Curr. Biol. Published online January 17, 2007. 10.1016/j.cub.2007.01.009.
Y. Ding et al. (2007). Plant Cell. Published online January 26, 2007. 10.1105/tpc.106.048124.
GenesSilenced inCancerHaveTheir (Chromatin)Roots inDevelopment
Altered epigenetic patterns are a hallmark of cancer, with many genes silenced due to the acquisition of methylation de
novo at CpG islands. Looking in a colon tumor cell line, Schlesinger et al. (2007) observed a correlation between histone
H3 trimethylation at lysine 27 (H3K27Me3) and methylation at CpG islands in the promoters of genes associated with colon
cancer. They then monitored H3K27Me3 patterns at these genes in normal colon tissue where the CpG islands of these
gene promoters were not methylated. Interestingly, these promoters were also marked with H3K27Me3. This modification
is put in place by the histone methyltransferase EZH2, which is part of the PRC2 Polycomb group complex. The authors
then asked whether DNA methylation in cancer cells is targeted to promoters of Polycomb-regulated genes. They found
that a very high percent of genes methylated in cancer are pre-marked with trimethylated H3K27Me3 and by Polycomb
components. In addition, many of the genes repressed in colon cancers are important developmental regulators that
are repressed during early development by Polycomb complexes. Thus, tumors appear to take advantage of this Polycomb
program to target promoters for de novo methylation. This could occur due to upregulation of PRC2 components—which
takes place in some cancers—or upregulation of DNA methyltransferases, which can be recruited to DNA by PRC2.
In another study, Ohm et al. (2007) noticed that many genes whose promoters contain CpG islands and are frequently
DNA hypermethylated and epigenetically silenced in adult human cancer cells are not methylated in embryonic stem cells
or embryonic carcinoma cells but have a specific chromatin pattern (H3K4Me2 and H3K27Me3). In an embryonic setting,
this chromatin pattern allows the genes to be normally activated in response to developmental signals. As H3K27Me3 is laid
down by PRCs, the authors compared genes hypermethylated in adult tumors to those known to be regulated by PRCs.
Sixty-eight percent of these hypermethylated genes overlapped with PRC-regulated genes in embryonic stem cells and/or
embryonic fibroblast cells. Interestingly, embryonic carcinoma cells acquire two additional repressive marks, H3K9Me3
and H3K9Me2, andmay be at an ‘‘epigenetic transition state’’ between embryonic stem cells and full-blown cancer. Genes
with these chromatin patterns in the embryo (and perhaps in adult stem cells or precursor cells) may instruct promoter DNA
methylation via their association with PRCs and the H3K9methylationmarks. This in turn would cause tight epigenetic gene
silencing of these genes in tumors in the adult.
Y. Schlesinger et al. (2007). Nat. Genet. 39, 232–236. Published online December 31, 2006. 10.1038/ng1950.
J.E. Ohm et al. (2007). Nat. Genet. 39, 237–242. Published online January 9, 2007. 10.1038/ng1972.
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Macro hairs are lost in transgenic rice
plants in which SDG714 is knocked
down by RNA interference (right) com-
pared to wild-type plants (left). Image
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